Mechanisms of apoptosis in PC12 cells irreversibly differentiated with nerve growth factor and cyclic AMP.
PC12 cells treated with cAMP become irreversibly differentiated and die by apoptosis when deprived of trophic support, instead of dedifferentiating and reentering the cell cycle. To approach the molecular mechanism underlying the cAMP-induced switch from differentiation/proliferation to apoptosis, we compared three sequential markers of a candidate apoptogenic signal transduction pathway (ceramide, free radicals and NF-kappaB), after trophic factor withdrawal in PC12 cells before and after irreversible differentiation. Serum withdrawal increased ceramide and free radical production regardless of the state of differentiation of the cells. It was followed by cell death, however, only in the absence of NGF and/or cAMP, and was no longer required for apoptosis in NGF/cAMP-differentiated cells. NGF and cAMP withdrawal sufficed. NF-kappaB was activated by NGF withdrawal in reversibly differentiated PC12 cells during dedifferentiation and reentry into the cell cycle, whereas in NGF/cAMP-differentiated cells, it was activated, at a late stage of the apoptotic process, concomitantly with cell death. These results show that a serum factor inhibits ceramide-dependent apoptosis upstream of ceramide and free radical production, whereas NGF- and cAMP-dependent mechanisms inhibit apoptosis either downstream or parallel to these events. After terminal differentiation by cAMP, apoptosis appears to be initiated from the second site, consistent with the serum independence of these cells and the absence of ceramide and free radical production when the NGF/cAMP-dependent inhibitions are released. The differential regulation of NF-kappaB appears to be an important step in the switch from mitosis to apoptosis that occurs during irreversible differentiation of PC12 cells by cAMP.